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@ Self-adjusting oscilloscope. 

© A digital oscilloscope has a vertical ™P m * r1 °*^** 
^setting and amplifying an input signal and a d.giteer for 
Sizing the amplifier output signal after tt reaches an 
adjustable trigger level to provide a data sequence cont roHing a 
waveform display on a screen. The oscilloscope includes a 
computer automatically adjusting trigger leve vertica lg«n. 
vertical offset, and digitizing frequency to provide a wavefo™ 
display representing the amplif ier output signal The computer 
adjusts the trigger level while monitoring digitizer output to 
measure minimum and maximum peaks of the amplifier output 
signal and sets the trigger level between the measured peaks 
The computer then Iteratlvely adjusts amplifier gain and offset 
until it determines that a waveform display controlled by the 
digitizer output would have minimum and maximum paws 
vertically separated by a substantial distance on the osc.llos- 
The computer estimates the period of the input 
signal from the digitizer output sequence and ad|usts d.g.tizing 
frequency so that the digitizer output sequence represents a 
few cycles of the amplifier output signal. 
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Description 



SELF-ADJUSTING OSCILLOSCOPE 



Background of the Invention 5 

The present invention relates to digital oscillos- 
copes and in particular to a digital oscilloscope that 
automatically adjusts its gain, offset, and digitizing 
frequency to provide a waveform display represent- 10 
ing one or more cycles of a periodic input signal. 

In a typical digital oscilloscope, a vertical amplifier 
adjustably amplifies and offsets an input signal to 
produce an output signal. A trigger comparator 
compares the amplifier output signal to an ad- 15 
justable trigger level and generates a trigger signal 
whenever the amplifier output signal reaches the 
trigger level. A digitizer digitizes the amplifier output 
signal with an adjustable digitizing frequency after 
detecting the trigger signal to produce a digital 20 
waveform data sequence representing the time 
varying magnitude of the amplifier output signal. The 
waveform data sequence is stored in an acquisition 
memory and a display controller thereafter reads the 
waveform data sequence from the acquisition mem- 25 
ory and generates a waveform display on a screen 
representing the data sequence. 

Typically an operator manually adjusts oscillos- 
cope operation using controls on the oscilloscope 
front panel. The operator adjusts the horizontal time 30 
scale of a waveform display by changing the 
digitizing frequency at which an input signal is 
converted and adjusts the vertical scaling of the 
waveform display by changing the gain of the vertical 
amplifier. The operator also adjusts the vertical 35 
position of the waveform on the screen by changing 
the magnitude of an offset signal input to the vertical 
amplifier. The operator can manually adjust the 
trigger level. 

However, even experienced oscilloscope oper- 40 
ators do not always find it easy to properly adjust an 
oscilliscope to obtain a stable, suitably representa- 
tive waveform display, particularly when nothing is 
known beforehand about the characteristics of an 
input signal. When the input signal is initially 45 
amplified and digitized, no waveform may actually 
appear on the oscilloscope screen, as for example 
when the vertical offset signal is too positive or too 
negative. If the trigger level is improperly adjusted, 
the resulting waveform display may be unsteady. If 50 
the digitizing frequency is too high, only a portion of 
one cycle of the amplifier output signal may be 
digitized and a periodic input signal may initially 
appear to be constant. If the digitizing frequency is 
too low aliasing may cause the waveform data to 55 
misrepresent the frequency or amplitude of the input 
signal. 



Summary of the Invention 

In a digital oscilloscope a vertical amplifier 
produces an output signal by adjustably offsetting 
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and amplifying an input signal. After the amplifier 
output signal crosses an adjustable trigger level, a 
digitizer digitizes the amplifier output signal with an 
adjustable digitizing frequency to produce an output 
waveform data sequence controlling a waveform 
display on a screen. In accordance with the 
invention, a computer within the oscilloscope carries 
out an "autoset" routine wherein it automatically 
adjusts trigger level, vertical gain, vertical offset, and 
digitizing frequency so that the oscilloscope pro- 
vides a stable waveform display representing a few 
cycles of the input signal. 

In accordance with typical operation of the 
invention, the computer initially minimizes vertical 
gain and digitizing frequency and sets offset to 0 
volts. Thereafter the computer iteratively adjusts the 
trigger level while monitoring digitizer output data 
sequences to determine minimum and maximum 
peaks of the amplifier output signal. After setting the 
trigger level midway between the determined mini- 
mum and maximum peaks, the computer iteratively 
adjusts amplifier gain and offset while monitoring 
digitizer output until it determines that a last 
produced waveform data sequence has minimum 
and maximum data elements within a predetermined 
range and differing by at least a minimum amount. 
The range and minimum are chosen so that a 
waveform display controlled by the last produced 
waveform data sequence will have minimum and 
maximum peaks appearing on the screen, vertically 
separated by a substantial distance. 

In accordance with another aspect of the inven- 
tion, the computer estimates the period of the 
amplifier output signal from the digitizer output and 
adjusts the digitizing frequency so that the digitizer 
generates a waveform data sequence during an 
interval equal to three to five of the estimated 
periods. 

In accordance with a further aspect of the 
invention, with the digitizing frequency set to the last 
adjusted value, the computer iteratively readjusts 
vertical gain and offset while monitoring digitizer 
output until it again determines that a last produced 
waveform data sequence has minimum and maxi- 
mum data elements within the predetermined range 
and differing by at least the minimum amount. 
Thereafter, the computer re-estimates the period of 
the input signal based on the last produced 
waveform data sequence and again adjusts the 
digitizing frequency so that the digitizer will there- 
after provide an output waveform data sequence 
representing three to five re-computed periods. 
Unless the input signal frequency is very high, the 
vertical gain and offset re-adjustment is performed 
while using a higher digitizing frequency. Therefore, 
effects of aliasing on the apparent minimum and 
maximum magnitude or period of the amplifier 
output signal suggested by the digitizer output 
sequence are "usually substantially eliminated. 

The subject matter of the present invention is 
particularly pointed out and distinctly claimed in the 
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concluding portion of this specification However 
both the organization and method of operat.on of the 
invention, together with further advantages and 
objects thereof, may best be understood by ref- 
erence to the following description in connection 
with the accompanying drawings wherein like ref- 
erence characters refer to like elements. 

Brief Description of the Drawing 

FIG. 1 is a block diagram of relevant portions 
of a digital oscilloscope: and 

FIGS 2-7 are flow charts illustrating oper- 
ation of the computer of FIG. 1 in carrying out 
the present invention. 

Description of the Prp ferred Embodiment 



The present invention relates to a digital oscillos- 
cope that automatically adjusts its own operating 
parameters including trigger level, digitizing fre- 
quency, vertical offset and gain to prov.de a 
waveform display representing a few cycles of a 
periodic input signal. FIG. 1 illustrates relevant 
Sons of ?he digital oscilloscope in block diagram 
form An amplifier 12 offsets and amplifies a 
DC-coupled input signal VIN to produce an output 
signal VOUT. A digitizer 14 periodically digitizes 
VOUT to generate a sequence of 1024 digital data 
elements representing the time varying magnitude of 
VOUT. The waveform data sequence is stored in an 
acquisition memory 16 and a display controller 17 
subsequently reads the data sequence out of 
memoir 16. The display controller 
output signal causing a cathode ray tube (CRT) 19 to 
generate a waveform display on rts screen repre- 
senting the data sequence. The CRT generates the 
waveform display, for example, by . I um.nat.ng one 
pixel in each of 1024 successive columns of pixels 
on the screen, each successive column correspond- 
ing to a separate successive element of the 
waveform data sequence. The vertical potion on 
the screen of an illuminated pixel in each column 
represents the magnitude of a corresponding ele- 
ment of the waveform data sequence. 

A computer 22 transmits a START signal to a time 
base circuit 18 to initiate data acquisition. On rece.pt 
of the START signal, the time base circuit 18 awaits a 
TRIGGER signal from a trigger comparator 20. The 
trigger comparator 20 generates the TRIGGER 
signal when the amplifier output signal crosses an 
adjustable trigger level. Such a level crossing is a 
"triggering event". Following detection of the TRIG- 
GER signal, time base circuit 18 continues to wartfor 
a predetermined trigger delay time and thereafter 
begins periodically asserting a STROBE signal 
Digitizer 14 produces an output data sequence 
element representing the current magnitude of 
VOUT whenever time base circuit 18 asserts the 
STROBE signal. The time, base circuit 18 also 
provides addressing and write control signals to 
acquisition memory 16 during acquisition of wave- 



form data so that the acquisition memory stores 
each output data element of digitizer 14 at a 
separate address. After 1024 data elements are 
acquired and stored in memory 16, time base c.rcu.t 
s 18 stops asserting the STROBE signal and transmits 
a READY signal to display controller 17. In response 
to the READY signal, display controller 17 reads the 
waveform data sequence out of the acqu.sit.on 
memory and updates the waveform display on CRT 
10 19 accordingly. Thereafter, the time base circuit 18 
awaits another TRIGGER signal to commence 
another data acquisition cycle. 

Thus after the computer 22 initiates data acquisi- 
tion with a START command, the d.grt.zer 14 begins 
15 producing waveform data sequences representing 
VOUT, and the display controller 17 continuously 
updates the waveform display in response to each 
data sequence. The data acquisition and display 
process continues until computer 22 transmits a 
SO STOP command to the time base circuit. Between 
stopping and starting data acquisition, computer 22 
may read or write access acquisition memory 16 and 
may transmit graphics or character data to display 
controller 17 causing the display controller to 
25 produce graphic displays or messages on the 

screen of CRT 19. 

Before generating a START command to initiate 
data acquisition, computer 22 transmits to time base 
drcuit 18 DIGITIZING FREQUENCY data adjusting 
30 the digitizing frequency with which ^ b ^ 

18 asserts the STROBE signal. Thus when the 
amplifier output signal VOUT is periodic, the DIGITIZ- 
ING FREQUENCY data controls the number of 
cycles of VOUT represented by each v^efom. date 
35 sequence. Computer 22 also transmits TRIGGER 
DELAY data telling the time base c.rcu.t 18 how long 
to delay commencement of data acquisition follow- 
ing detection of the TRIGGER signal. By '"creasing 
or decreasing the trigger delay, computer 22 adjusts 
40 the horizontal position on the oscilloscope screen of 
a point on the waveform display corresponding to 
the triggering event. 

Also, before initiating data acquisition, computer 
22 adjusts data values stored in a set of registers 24 
45 28 and 32 thereby adjusting the offset and gain of 
amplifier 12 and setting the jigger level to be 
detected by comparator 20. The data stored in 
register 24 provides input to a d.g.tal-to-analog 
converter (DAC) 26 supplying an OFFSET signal 
SO input to amplif ier 12. By increasing or decreasing the 
OFFSET signal, computer 22 can control the vertical 
position of the waveform display on the screen of 
CRT 19 produced in response to digitizer output 
Sata sequences. The data in register28dmes aDAC 

55 30 generating a GAIN signal controlling *e ga. 
amplifier 12. By increasing or decreasing ^ GAIN 
signal, computer 22 can control the vertical size of 
the waveform display. A DAC 34, responsive to date 
n register 32, supplies a TRIGGER LEVEL svgnA 
eo input to comparator 20 controlling the level of VOUT 
at which comparator 20 asserts the TRIGGER s.gnai 
The TRIGGER LEVEL signal is normally adjusted to a 
level between the minimum and maximum peaks of 
VOUT to ensure that comparator 20 will detect a 
65 triggering event and assert the TRIGGER signal. 
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Assume, for example, a suitable digitizer 14 has an 
input range of -1 volt to -f 1 volt. When VOUT is + 1 
volt or larger, a waveform data sequence element 
generated by digitizer 14 has maximum vaJue. When 
this element is subsequently forwarded via memory 
16 to display controller 17. the uppermost pixel of a 
pixel column corresponding to the data element will 
be Illuminated. Conversely, when VOUT is-1 volt or 
less (i.e., more negative), a waveform data sequence 
element generated by digitizer 14 is of minimum 
value and the lowest pixel of the corresponding pixel 
column is illuminated. Thus, when portions of VOUT 
are greater than + 1 volt or less than -1 volt, the 
resulting waveform display will be "clipped 0 , having 
flat peaks corresponding to the out of range 
portions of VOUT. 

Computer 22 may adjust gain, offset, trigger level, 
trigger delay and digitizing frequency in response to 
commands from a user via user interface 36. User 
interface 36 suitably comprises push-buttons or 
control knobs providing control signal inputs to the 
computer. The computer interprets these signals as 
commands. Although an operator may manually 
adjust oscilloscope operating parameters, even an 
experienced oscilloscope operator does not always 
find it easy to obtain a suitably representative 
waveform display, particularly when the operator 
knows nothing beforehand about the characteristics 
of an input signal. 

In accordance with the invention, computer 22 
responds to an "autoser command from the user by 
executing an "autoser routine whereby it automati- 
cally adjusts gain, offset, trigger level, trigger delay 
and digitizing frequency to obtain a representative 
waveform display. FIGS. 2-7 are flow charts of the 
autoset routine carried out by computer 22 of FIG. 1 
in response to the autoset command. FIG. 2 
illustrates major steps of the autoset routine. 
FIGS. 3-7 illustrate various steps of the flow chart of 
FIG. 2 in more detail. 

Referring to FIG. 2, computer 22 commences the 
autoset routine at step 40 wherein it minimizes gain 
and digitizing frequency and sets offset to 0 volts. 
Minimizing gain and zeroing offset ensures that 
unless the input signal has a very large offset or 
peak-to-peak magnitude, the minimum and maxi- 
mum peaks of VOUT of FIG. 1 are both within the 
range, e.g. + 1 volt to -1 volt range, of the digitizer. 
Minimizing digitizing frequency maximizes the likeli- 
hood that a digitizer output data sequence repre- 
sents at least one full cycle of VOUT. 

After initializing these operating parameters, the 
computer iteratively adjusts the trigger level (TRI- 
GLEV) to find an "effective 11 trigger level, i.e., a 
trigger level between the minimum and maximum 
peaks of VOUT that will initiate digitization (step 42). 
If a trigger level is not found (step 44), the 
oscilloscope displays the message "AUTOSET 
FAILURE" on its screen (step 45) and the autoset 
routine ends. 

When a trigger level is found (step 44), the 
computer next measures minimum and maximum 
peaks of VOUT (following a procedure described 
hereinbelow) and adjusts the trigger level to a value 
midway between the measured peaks (step 46). The 



computer then iteratively adjusts gain and offset 
while monitoring the waveform data sequences 
produced by the digitizer until it determines that 
minimum and maximum peaks of VOUT are within 
5 the 4- 1 to -1 volt range of the digitizer and differ by a 
predetermined minimum potential (step 48). The 
minimum potential is selected to ensure that 
minimum and maximum peaks of a waveform display 
produced in response to the digitizer output are 
10 vertically separated by a substantial distance. The 
computer estimates the period of VOUT from the last 
digitizer output data sequence and adjusts digitizing 
frequency so that the next acquired waveform data 
sequence will span three to five of the estimated 
15 period (step 50). 

The offset and gain adjustments performed in step 
48 and the digitizing frequency adjustment made in 
step 50 were based on waveform data acquired 
using a low digitizing frequency. Due to aliasing 
20 effects, the waveform data sequence may misrepre- 
sent the amplitude and frequency of the input signal, 
particularly when the input signal frequency is 
greater than one half of the initial digitizing fre- 
quency. Therefore, after the digitizing frequency is 
25 adjusted at step 50 (usually to a much higher value), 
the computer iteratively re-adjusts offset and gain 
(step 52) and re-adjusts digitizing frequency (step 
54) following procedures similar to those of steps 48 
and 50. The re-adjustments performed in steps 52 
30 and 54 reduce the effects of aliasing on apparent 
amplitude and frequency of VOUT as represented by 
the digitizer output. 

In step 55, the computer 22 of FIG. 1 checks the 
last produced waveform data sequence to deter- 
35 mine the number of data sequence elements that 
occur before the sequence first rises above the 
current trigger level setting. Thereafter, the com- 
puter adjusts the TRIGGER DELAY data supplied to 
time base circuit 18 to advance initiation of data 
40 acquisition following generation of the TRIGGER 
signal so that a triggering event occurs at the left 
end of the waveform display. 

Thus, on completion of the autoset routine of 
FIG. 2, if the input signal is within magnitude, 
45 frequency and offset ranges for which the oscillos- 
cope is designed to produce a representative 
waveform display, such a waveform display will 
appear with minimum and maximum peaks vertically 
centered on the oscilloscope screen and with a point 
50 representing a triggering event aligned along the left 
end of the waveform. 

FIG. 3 illustrates a subroutine carrying out step 42 
of FIG. 2 in more detail. Commencing at step 56, a 
stored variable STEP is set equal to 1, a stored 
55 variable N is set equal to 0, and the trigger level 
(TRIGLEV) is set to 0 volts. The computer also writes 
a NULL code into addresses in the acquisition 
memory (step 58) that are to store waveform data 
when digitization subsequently commences. The 
60 NULL code differs in value from any output se- 
quence element that may be produced by the 
. digitizer. Thereafter, the computer initiates digitiza- 
tion of VOUT (step 60). After a predetermined delay 
time sufficient for the system to generate and store a 
65 waveform data sequence in the acquisition memory. 
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the computer reads the data sequence out of the 
acquisition memory and checks the 
each sequence element to determ.ne if the digteer 
generated data has a value other than the NULL 
code (step 62). The digitizer generates such _data 
only when data acquisition is triggered and the 
tfgger comparator triggers data acquisition only 
when the trigger level is between the minimum and 

m 7*To£X"— that data acq^fon 
was triggered, the current trigger level .s effective 
Jnd the subroutine ends, returning to its caller (step 
|3f f no data was acquired (step 62). the computer 
sets TRKaLEV to -TRIGLEV (step 68) and restarts 
data acquisition (step 68). Thereafter, the computer 
again checks the content of the acqu.smon ( memory 
to see if valid data was acquired (step 70 . f sc ^ the 
subroutine returns (step 72). Otherw.se, (s tap 74) N 
is decremented by 2. If the incremented value of N is 
less than or equal to 0 (step 76), the value of STEP » 
doubled, and N is set equal to STEP- 1 (step 78) . If 
STEP is now greater than a maximum value 
ItePMAX (step 80), the subroutine returns an 
Son that an effective trigger level was no 
found (step 82). If in step 76, N is no "ess than or 
equal to 0. or H in step 80 STEP is not greyer than 
otppmax TRIGLEV is set equal to N/STEP (step 
UfZ *e Routine isrouted I back to .tep <£The 
subroutine continues to loop through steps 60 62 
S 68 70, 74 76. 78, and 80 setting the trigger level 
to various values until the computer de tacts data 
acquisition in one of steps 62 or 70 £ . jtj« the * ST EP 
parameter becomes larger than STEPMAX and the 
subroutine returns at step 82. 

In executing the subroutine of FIG. 3 the compute 
nprforms a binary search for an effective trigger level 
usSgTSgeS voKages adjusted in the fol.ow.ng 

ffo/T-O/l +1/2, -1/2. +3/4, -3/4. +1M. -1/4. 
{ +7% -7/8, +5/8. -5/8. +3/8. -3/8, +1/8, -1/8 ... 
+ 1/STEPMAX, -1/STEPMAX} 
oVher search patterns may be 
nreferred embodiment the value of STEPMAX is 
chosen to reflect the highest resolufor . writ . wrjch 
me TRIGGER LEVEL signal can be F J 
examDle if the control data stored in register 32 of 
HQ I is eight bits, the TRIGGER LEVEL signal can 
be adjusted with a resolution of 1/256 volts, .n such 
case STEPMAX is chosen to be 256. 
C When the input signal is very small o, 
the minimum and maximum peaks of VOUT are so 
close together that the trigger level cannot be 
adiutted between the minimum and maximum peaks 
of VOUT. Also, if the offset of the input signal is 
excessively large, all portions of VOUT may _be out of 
the +1 to -1 volt range example of the TR GGER 
LEVEL signal. In either case the subroutine o HQ. 3 
wHI fail to find an effective trigger level and will return 
v* step 82, thereby causing the main autoset routine 
of FIG 2 to display the "Autoset Failure" message 
Step 46) and end. This happens when no input 
signal is supplied to the oscilloscope or when the 
Sut signal is too small to be displayed. However 
when the input signal magnitude is within a norma 
mput range for the oscilloscope, the subroutine of 



FIG. 3 will locate an effective trigger level and will 
return its value, along with the last value of STEP in 

% P efem°ng S aSn 7 fo FIG. 2. after an effective trigger 
5 .evef ls fSnd 9 the computer determines a tngger 
5 lev! that is midway between minimum and maximum 
peaks of VOUT (step 46). A subroutine carrying out 
step 46 is detailed in FIG. 4. Referring to FIG 4 the 
computer performs a binary -search using , *gge 
10 levels between TRIGLEV and ™GLEV+ (VSTEP) 
to find the maximum peak (MAXPEAK) oi vuu ■ 
(step 84). The computer then performs a s* 
binary search to locate the minimum peak jm- 
PEAK) of VOUT between TRIGLEV and TRIGLEV- 
„ Sp, (step 86). Thereafter, the subroutine 
15 causes the computer to set the trigger level midway 
between MAXPEAK and MINPEAK (step 88) and 
then returns to the calling routine. 

FIG 5 is a flow chart illustrating a subroutine 
20 carrying out the binary search performed in step 84 
20 of FIG 4 in more detail. Initially, a enable N s set 
eaual to 1 (step 90) and an initial value of TRIGLEV is 
rncremented by 1/(N*STEP) volts. (The value o 
OTS IS .the initial value of TRIGLEV are as las set 
25 fn step 64 or 72 of FIG. 3.) The value of N is then 
2 doubled (step 94). If N is not greater than a cogent 
NMAX (step 96), the computer sets each element of 
me data sequence last stored in acquisition memory 
16 of FIG 1 to the NULL value and then .rotates 

selected such that the product NMAX STEP is equal 
to STEPMAX when 1/STEPMAX is the trigger level 
resoLTon. After waiting for a sufficient time he 
computer checks the waveform data stored in the 
35 acquisition memory to determ.ne if a NULL data 
value was replaced with another value (step 100). 
This happens when the trigger level is less than the 
maximum peak of the VOUT In such _event, *m 

40 whenTn step 100, ^computer determines that the 

point, the subroutine sets the value * » YJ^J 
MAXPEAK to the current value oi TRIGLEV ana 
returns M/OCPEAK is an estimate of the maximum 
SO JKJS^SS. within the limits of resolution of 

ASSISE SSie of performing the binary 
setch for the ^^S^fM* 

?xceprfrHlGLEV is decremented (rather than in- 
excepx inivau TRIGLEV is ncremented 

cremented) in step 92. ihmlcv » » 
(rather than decremented) in step 102 and 
PEAK (rather than MAXPEAK) is set equal TRIGLEV 

60 rISX again to FIG. 2. once the trigger level is 
sefto mioway between the maximum and minimum 
oeaks of VOUT (step 46), a subroutine executed at 
cteo 48 iterath/ely adjusts offset and gam of the 
65 vertio^aSSer 12 of FIG. 1. A suitable offset and 
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gain adjustment subroutine is illustrated in FIG. 6. 

Referring to RG. 6, starting at step 108, the 
computer causes the system to digitize VOUT with 
the gain of the vertical amplifier still set at a 
minimum, the OFFSET signal still set at 0 volts, and 5 
the trigger level set midway between the last 
measured minimum and maximum peaks of VOUT. 
After a waveform data sequence has been acquired 
and stored in the acquisition memory 16 of FIG. 1, 
computer 22 reads out the data sequence to 10 
determine if the magnitude (MAX) of the largest data 
value in the sequence is larger than a predetermined 
maximum limit (MAXUM) and the smallest (or most 
negative) element of the sequence (MIN) is less than 
(or more negative than) a predetermined minimum 75 
limit (MINLIM). MAXLIM and MINLIM are chosen so 
that when the minimum and maximum peaks of 
VOUT are outside of the + 1 to -1 volt range of the 
digitizer, the outcome of step 110 is YES. This 
happens when the input signal magnitude is so large 20 
that the waveform display will be clipped, even when 
the amplifier gain is set to a minimum. In such case, 
the subroutine returns an "ONLY TRIGGER LEVEL 
AUTOSEP indication and ends (step 111). 

Otherwise, if only the maximum data sequence 25 
value is out of range (step 112), the offset is set 
equal to MINUM-MIN (step 114). Step 114 shifts 
VOUT so that the minimum peak of VOUT is at -1 
volts. On the other hand, if only the minimum data 
sequence value is out of range (step 115), the offset 30 
is set to MAXUM -MAX (step 116). Step 116 has the 
effect of shifting VOUT so that the maximum peak of 
VOUT is at +1 volts. After either step 114, or step 
116, VOUT is again digitized (step 118). If either the 
maximum or minimum sequence values are still out 35 
of range (step 120), the subroutine returns an 
"ONLY TRIGGER LEVEL AUTOSET" indication (step 
111). 

When in either step 1 15 or step 120 the computer 
finds that the maximum and minimum elements of 40 
the waveform data sequence are within the pres- 
cribed limits, the computer tries to center the 
waveform vertically on the display screen by setting 
OFFSET to (MAX+MlN)/2-MID (step 121) and then 
re-acquires the waveform data sequence (step 122). 45 
Thereafter, the computer determines (step 123) 
whether the difference MAX-MIN is greater than a 
predetermined amplitude minimum limit (LIMIT). If 
so, the gain and offset of the vertical amplifier are 
considered to be appropriately adjusted, and the so 
subroutine returns. If the difference MAX-MIN is not 
greater than LIMIT (step 123). and if the current gain 
setting is at a maximum (step 124), the minimum and 
maximum peaks of VOUT are adequately separated 
and the subroutine returns. When GAIN is not yet at 55 
a maximum (step 124), the computer increases the 
vertical amplifier gain to a next higher range (step 
126), thereby increasing the separation between the 
minimum and maximum peaks of VOUT. The subrou- 
tine re-initiates digitization of VOUT (step 130) and 60 
thereafter reverts to step 121. The subroutine 
continues to iterate through steps 121, 122, 123, 124, 
126 and 130 until at step 123 the range between the 
maximum and minimum data sequence values 
exceeds LIMIT or until at step 124 GAIN is at a 65 



maximum. 

An oscilloscope screen is typically etched with a 
grid dividing the screen into "vertical grid divisions" 
enabling a user to gauge waveform magnitudes. The 
current vertical gain setting is usually not directly 
displayed but is indirectly displayed in the form of a 
vertical "range" denoted in "volts/division 3 . The 
vertical range is proportional to the vertical amplifier 
gain. In a typical oscilloscope, gain is normally 
stepwise incremented or decremented only by 
factors of 2 and 2.5 so that each normal vertical 
range setting (in volts/division) is one of the set {..., 
0.1, 0.2, 0.5, 1, 2, 5, ...}. In such case, the value of 
LIMIT used in step 122 for each given gain setting is 
suitably chosen to be 1/2.5 of the input range of the 
digitizer to ensure that the maximum and minimum 
of VOUT will remain within the vertical range of the 
digitizer (e.g., + 1 volt to -1 volt) when vertical gain is 
thereafter increased by a factor of 2 or 2.5 in step 
126. Thus, when the subroutine of FIG. 6 ends 
following step 122, vertical gain and offset are such 
that the minimum and maximum peaks of the 
waveform display controlled by the digitizer output 
will not be clipped and will be vertically centered 
about the middle of the oscilloscope screen and 
vertically separated by a substantial distance. 

Referring again to FIG. 2, once the vertical gain 
and offset have been iteratively adjusted in step 48, 
the. computer adjusts the digitizing frequency (step 
50). FIG. 7 illustrates a suitable subroutine, for 
carrying out step 50. The digitizing frequency of the 
system is initially set to a maximum (step 132) and a 
"transition level" variable (TRANSLEV) is set equal to 
one half the difference between maximum and 
minimum value elements of the last acquired 
waveform data sequence (step 134). The computer 
then checks the last acquired waveform data 
sequence to determine whether the sequence three 
times crossed (rose above or fell below) TRANSLEV 
(step 138) thereby suggesting that the sequence 
represents at least one full period of VOUT. If, in step 

138, the computer determines that the last acquired 
waveform data sequence does not include two 
transitions, and if the digitizing frequency is already 
at a minimum (step 139), the subroutine ends. 
Otherwise, the computer decreases the digitizing 
frequency (step 140) and reinitiates digitization (step 
136). it thereafter iteratively repeats steps 134, 138, 

139, 140 and 136 until three transitions are detected 
in step 138 or until digitizing frequency has been 
decreased to a minimum. 

When the computer detects three transitions, it 
estimates the period of VOUT (step 142) as being 
equal to the inverse of the digitizing frequency 
multiplied by the difference in data sequence 
position of data elements immediately preceding 
and immediately following the three transitions. The 
computer then adjusts the digitizing frequency so 
that digitizer output data sequences will represent 
three to five cycles of VOUT assuming that VOUT has 
the period estimated. 

Referring again to FIG. 2, since the offset and gain 
adjustments performed in step 48 were based on a 
waveform data sequence acquired using minimum 
digitizing frequency, aliasing effects may cause the 
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waveform data sequence to misrepresent the peak 
Solitudes and period of VOUT, partcularly when 
Te VOUT has a frequency greater than one half of 
the digitizing frequency. Thus, after the digitizing 
frequency is adjusted in step 50, usually to a much 
hiaher rate, the computer iteratively re-adjusts offset 
2 gX step 52) P and re-adjusts digitizes . fre- 
quency (step 54) suitably following pr°<> edure f 
similar to those employed in steps 48 and SO. The 
re-adjustments performed in steps 52 and 54 
substantially eliminate the effects of al.as.ns when 
the input signal frequency is withm a normal range of 
tS oscilloscope. The subroutine ends following step 

^There has thus been described a digital oscillos- 
cope including a computer for automatical^ adjust- 
ino trigger level, vertical gain, vertical offset, and 
dioitSg requency so that the oscilloscope pro- 
ves a ^^^^^ display representing a few cycles 

0i Zr^Te£>«™« of the present 
in S!on ha's been shown and describee I K : « be 
aoDarent to those skilled .n the art that many 
cnanqes and modifications may be made without 
depXg from the invention in its broader aspects^ 
The appended claims are therefore intended to 
cover all such changes and modifications as fall 
within the true spirit and scope of the .nvent.cn. 
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1 In a digital oscilloscope comprising ampli- 
fier means for offsetting and amplifying an input 
signal with adjustable offset and gain to pro- 
duce an output signal, digit.zer means for 
Seizing said output signal after the output 
signal reaches an adjustable tr.gger level, 
thereby to produce waveform data sequences, 
each waveform data sequence c°mpns.ng 
elements representing magnitudes of said am- 
plifier means output signal during at™ . nterval 
of duration determined by an adjustable d.grt.z- 
ing frequency of said digitizer means and a 
computer controlling said offset, gam and 
digitizing frequency and monitoring , said output 
data sequences, a method for sa.d computer 
for adjusting said trigger level, offset, gain .and 
digitizing frequency, the method comprising the 

fSively adjusting said trigger level while 
Soring waveform data sequences pro- 
duced by said digitizer means thereby to 
measure minimum and maximum peaks of said 
amplifier means output signal, 
adjusting the trigger leve. to a magn'tude 
between the measured minimum and maximum 
peaks of said amplifier means output .signal and 
iteratively adjusting at least one of the gain , and 
offset of said amplifier means while n™* 0 ™^ 
waveform data sequences produced by ssad 
digitizer means until a last produced waveform 
data sequence includes elements having maxi- 
mum and minimum magnitudes within a pre- 
determined range and differing by at least a 
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minimum amount. 

2 The method in accordance with claim 1 
wherein the step of iteratively adjusting said 
triqqer level while monitoring waveform data 
sequences produced by said digitizer means 
thereby to measure minimum and maximum 
peaks of said amplifier means output signal 
comprisesthesubstepsof: 

a. setting said trigger level to an initial 
value; 

b. monitoring said waveform data se- 
quences to determine if said amplifier 
means output signal reaches said trigger 
levsi * 

c. " altering said trigger level by an 
adjustable step amount when said ampli- 
fier means output signal is determined in 
step b to have reached said trigger level; 

d altering said trigger level by an inverse 
of said adjustable step amount when said 
amplifier means output signal is deter- 
mined in step b not to have reached said 
trigger level ; 

e. decreasing said adjustable step 

amount; and 

f repeating steps b through e until said 
adjustable step amount reaches a pre- 
determined lower limit. 
3. The method in accordance with claim 1 
further comprising the steps of: 
estimating a period of said amplifier means 
output signal from said last produced waveform 
data sequence, and 

adjusting said digitizing frequency so that a 
next produced waveform data sequence repre- 
sents a time interval spanning at least one 
estimated period. _ 
4 The method in accordance with claim 3 
further comprising the step of iterative y re-ad- 
justing at least one of gain and offset of said 
amoimer means while monitoring waveform 
Sa sequences produced by said digger 
means until said digitizer means produces 
another waveform data sequence having ele- 
ments with maximum and minimum magnrtudes 
within said predetermined range and drffenng 
by at least said minimum amount. 
5. The method in accordance with claim 4 

further comprising the steps of: 

re-estimating said period of said amplifier 
means output signal from said another wave- 
form data sequence, and 
re-adjusting said digitizing frequency so tha t a 
next produced waveform data sequence repre- 
sents a time interval spanning at least one 
re-estimated period. . 

6 In a digital oscilloscope compnsing ampli- 
fier means for offsetting and amplifying an input 
signal with adjustable offset and gam to pro- 
duce an output signal, and digitizer means Mfo 
digitizing said output signal after the output 
sgnal reaches an adjustable trigger level, 
thereby to produce waveform data sequences. 
Tach waveform data sequence d°mpns.ng 
elements representing magnitudes of said am- 
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pliffer means output signal during a time interval 
of duration determined by an adjustable digitiz- 
ing frequency of said digitizer means, and a 
computer for adjusting said offset, gain and 
digitizing frequency and monitoring said output 5 
data sequences, a method for said computer 
for adjusting said trigger level, offset, gain and 
digitizing frequency, the method comprising the 
steps of: 

adjusting said gain and said digitizing frequency 10 

to minimum initial values, 

iteratively adjusting said trigger level while 

monitoring said waveform data sequences 

thereby to measure minimum and maximum 

peaks of said amplifier means output signal; is 

and 

setting the trigger level between the measured 
minimum and maximum peaks. 

7. The method in accordance with claim 6 
wherein the step of iteratively adjusting said 20 
trigger level while monitoring waveform data 
sequences produced by said digitizer means 
thereby to measure minimum and maximum 
peaks of said amplifier means output signal 
comprises the substeps of : 25 

a. setting said trigger level to an initial 
value; 

b. monitoring said waveform data se- 
quences to determine if said amplifier 
means output signal reaches said trigger 30 
level; 

c. altering said trigger level by an 
adjustable step amount when said ampli- 
fier means output signal is determined in 

step b to have reached said trigger level ; 35 

d. altering said trigger level by an inverse 
of said adjustable step amount when said 
amplifier means output signal is deter- 
mined in step b not to have reached said 
trigger level; 40 

e. decreasing said adjustable step 
amount; and 

f. repeating steps b through e until said 
adjustable step amount reaches a pre- 
determined lower limit. 45 

8. The method in accordance with claim 6 
further comprising the step of iteratively adjust- 
ing at least one of said gain and offset while 
monitoring waveform data sequences until a 

last produced waveform data sequence of said 50 
digitizer has minimum and maximum peaks 
within a predetermined range and differing by at 
least a minimum amount. 

9. The method in accordance with claim 8 
further comprising the steps of: 55 
estimating a period of said amplifier means 
output signal from said last produced waveform 

data sequence, and 

adjusting said digitizing frequency so that a 
next produced waveform data sequence repre- 60 
sents a time interval spanning at least one 
estimated period. 

10. The method in accordance with claim 9 
further comprising the steps of: 

re-estimating said period of said amplifier 65 



means output signal from said another wave- 
form data sequence, and 
re-adjusting said digitizing frequency so that a 
next produced waveform data sequence repre- 
sents a time interval spanning at least one 
re-estimated period. 
11. A digital oscilloscope comprising: 
amplifier means for offsetting and amplifying an 
input signal with adjustable offset and gain to 
produce an output signal ; 
digitizer means for repetitively digitizing said 
output signal after the output signal reaches an 
adjustable trigger level, thereby to produce 
waveform data sequences, each waveform data 
sequence representing magnitudes of said 
amplifier means output signal during a time 
interval of duration determined by an adjustable 
digitizing frequency; 
a screen for displaying a waveform ; 
display control means receiving said waveform 
data sequence for generating a waveform 
display on said screen, said waveform display 
representing said waveform data sequence; 
and 

a computer means for iteratively adjusting gain 
and offset while monitoring said waveform data 
sequence until a last produced waveform data 
sequence of said digitizer is such that said 
display control means would produce a wave- 
form display having minimum and maximum 
peaks appearing on said screen and vertically 
separated by a substantial distance, then 
estimating a period of said amplifier means 
output signal from said last produced waveform 
data sequence, and then adjusting said digitiz- 
ing frequency so that a next produced wave- 
form data sequence represents a time interval 
spanning at least one estimated period. 
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© Self-adjusting oscilloscope. 

© A digital oscilloscope has a vertical amplifier for 
adjustably offsetting and amplifying an input signal 
and a digitizer for digitizing the amplifier output 
signal after it reaches an adjustable trigger level to 
provide a data sequence controlling a waveform dis- 
play on a screen. The oscilloscope includes a com- 
puter automatically adjusting trigger level, vertical 
gain, vertical offset, and digitizing frequency to pro- 
vide a waveform display representing the amplifier 
output signal. The computer adjusts the trigger level 
while monitoring digitizer output to measure mini- 
mum and maximum peaks of the amplifier output 
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signal and sets the trigger level between the mea- 
sured peaks. The computer then iteratively adjusts 
amplifier gain and offset until it determines that a 
waveform display controlled by the digitizer output 
would have minimum and maximum peaks vertically 
separated by a substantial distance on the oscil- 
loscope screen. The computer estimates the period 
of the input signal from the digitizer output sequence 
and adjusts digitizing frequency so that the digitizer 
output sequence represents a few cycles of the 
amplifier output signal. 
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